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1. Introduction

Donor(D)-acceptor(A) substituted organic molecules
have been widely investigated due to their potential
applications such as optical modulations, molecular
switching optical memory and frequency doubling1).
Among these molecules, 1,3-bisdicyanovinylindane is
much used as the function of the electron’s flowing
through D- -A system. This acceptor, namely malononiπ -
trile has been enjoyed as representative electron
pulling strength and capacity within the molecular
chromophores1 3)‐ .
In this D-π-A system, molecular properties can be

affected by the types of donor and acceptor. In
addition, the electron distributions and HOMO/LUMO
energy potential values are important factors of
molecular properties. This is associated with molecular
orbital, identification of electron transitions4,5). In
addition, functions of proton transfer or unshared
pair/empty orbital interaction are also related6). In this
regard, the electrochemical study of molecules to
investigate electron density distributions and HOMO/
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LUMO energy potential values are noteworthy. There
are three methods of experimental approaches for this
investigation. Absorption measurement, cyclicvoltam-
metry and computational calculations are involved.
In this work, 1,3-bisdicyanovinylindane, widely used

indicator dye in D-π-A system, was studied for its
optical properties in accordance with different pH
conditions and HOMO and LUMO energy levels.
Energy potential values of onset and peak values
from oxidation peak were determined by absorption
measurement and cyclicvoltammetric measurement, res-
pectively. In addition, computational calculations for
the energy potential values and electron density
distributions were also simulated by the simulation
module named Material Studio 4.3 package program.

2. Experimental

2.1 1,3-Bisdicyanovinylindane (BDV)

1,3-Bisdicyanovinylindane (BDV) was synthesized
through the reaction of 1,3-indanedion and malo-
nonitrile as shown in the scheme 1. BDV was prepared
according to literature method7-9). Mixture of 1,3-
indanedion (14.9mmol, 2.18g) and malononitrile (44.7mmol,
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2.95g) in ethanol (50ml) was prepared and stirred at
room temperature for 15 min and sodium acetate
(3.05g) was then added. The reaction mixture was
refluxed for 3h. After reaction was complete, mixture
was allowed to cool to room temperature. The blue
solution was then filtered to remove monocondensation
product such as 3-dicyanovinylindan-1-one. The filtrates
were diluted with water (100ml) and acidified using
hydrochloric acid to give a white solid precipitate.
The precipitate was filtered off, washed thoroughly
and dried8). Yield: 55.59% (2.01g); calculated for
C15H6N4: C, 74.37; H, 2.50; N, 23.13. Found: C,
74.78; H, 2.49; N, 23.48; m/z (M+): 2428).
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Scheme 1. The synthetic method for BDV.

2.2 Measurements

The spectroscopic characteristics were examined
and determined using Agilent 8453 UV-Vis spec-
trophotometer. The electro-chemistry properties of
these dyes were examined with a Versa STAT 3
using a platinum wire served as a working electrode,
and Ag/Ag+ electrode served as a reference electrode
and a carbon served as a counter electrode. The scan
rate was 50mV/s. The optimized geometry structure
and molecular energy potentials were calculated with
Materials Studio 4.3.

3. Results and Discussion

In our previous work7 9)‐ , this BDV was studied for
pH indicator materials. In this regard, the prepared
BDV was firstly investigated for absorption changes
depending on different pH conditions with UV-Vis
absorption spectrometer. To control pH conditions of
BDV solution, hydrochloric acid and sodium hydroxide
were used.

As shown in Figure 1, absorption band centered at
584nm appeared with showing weak intensity in
acidic condition. On the other hand, absorption
intensity was dramatically enhanced by changing of
pH conditions from acid to alkali. This result
indicated that BDV can change its own color strength
depending on pH conditions. This phenomenon is re-
lated to the resonance effect in the BDV structure7,8).
In acidic condition, BDV was reacted with proton
and was shown with weak color. In contrast, the
alkali condition makes a reaction for isolation and
dissociation between BDV and proton. The absorption
intensity was increased by showing a deep color
change. The probable mechanism of resonance form
for BDV was depicted in Scheme 2.
The resonance form of BDV must be occurred by

electron delocalization in π system8). In this regard,
HOMO/LUMO energy potential values and electron
density distributions can be one of the important
considerations to approach its molecular own pro-
perties.
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Figure 1. UV-Vis spectra of DYE 1 (100 M) dependingμ
on different pH conditions.
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Scheme 2. The probable mechanism of resonance form for
DYE 1 depending on pH conditions7,8).
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According to this context, absorption measurement,
cyclicvoltammogram and computational calculation were
carried out using BDV.
At first, the band-gap energy of BDV was de-

termined by using absorption measurement. In Figure
2, absorption edge was obtained for 661nm, indicating
the value in following equation (1)λ 6,10,11). The band-
gap energy of BDV was calculated and determined as
1.876eV.

eV = 1240 / from absorptλ ion edge ······················ (1)
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Figure 2. UV-Vis band-gap measurement of BDV (100 M).μ

Furthermore, cyclicvoltammogram was also studied
to obtain HOMO and LUMO values. These values
can be calculated from the peak and the onset
potential values with cyclicvoltammogram as shown in
Figure 3. The oxidation peak was definitely observed
in this spectrum. Thus, HOMO potential energy
values were calculated with the following equation
(2). E 1/2 (Ferrocence) values of 0.42V were applied in
this equation6,10,11).

HOMO (eV) = -4.8 - (E peak/onset - E 1/2 (Ferrocene)) ··········· (2)

Through this equation (2), each HOMO value was
obtained for -5.28eV and -4.58eV, respectively.
These values were calculated from the peak and

the onset values. LUMO value was also determined
by using the above results of band-gap energy for
absorption measurement and HOMO values for

Potential (V)

-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

C
ur

re
nt

 (A
)

-1.4e-5

-1.2e-5

-1.0e-5

-8.0e-6

-6.0e-6

-4.0e-6

-2.0e-6

0.0

2.0e-6

4.0e-6 Peak = 0.8576
Onset = 0.1972

Figure 3. Cyclicvoltammogram of BDV (100 M) in MeCN.μ
Tetrabutylammonium perchlorate was added for electrolyte.

cyclicvoltammogram. -3.36eV and -2.70eV were cal-
culated for the corresponding peak and onset
potential values.
Finally, electron density distributions and energy

potential values for HOMO and LUMO states were
simulated and calculated by Material Studio 4.3, the
quantum mechanical code using density functional
theory. Perdew-Burke-Ernzerhof function of genera-
lized gradient approximation level with double numeric
polarization bases set was used to calculate the
energy level of the frontier molecular orbits12-14). The
result was described in Figure 4.

Figure 4. HOMO/LUMO energy levels and electron density
distributions for BDV.
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Onset (eV) Peak (eV) Computational Calculation (eV)

Type HOMO LUMO E△ HOMO LUMO E△ HOMO LUMO E△
BDV -4.58 -2.70 1.88 -5.24 -3.36 1.88 -6.93 -2.22 4.71

Table 1. HOMO/LUMO and band-gap energy potential

Electron density distribution of BDV from HOMO
was mainly located on indanedion part. On the other
hand, significant changes of electron density appeared
in dicyanide part: showing the electron density in the
only LUMO state. The redistribution of electron
density for HOMO and LUMO is related to the
interaction of dye molecule with its environmental
conditions15). The energy potential values of HOMO
and LUMO were also monitored for -6.932eV and
-2.222eV, respectively.
All results of HOMO and LUMO values and band-

gap energy potentials for BDV were arranged and
compared in Table 1. Band-gap energy potential
values showed much difference between absorption
measurement and computational calculation. However,
HOMO and LUMO values relatively showed a little
difference. In addition, only LUMO values obtained
from absorption measurement and cyclicvoltammogram
were similar to computational calculated LUMO value.

4. Conclusions

In this study, 1,3-bisdicyanovinylindane (BDV) was
synthesized and investigated for its optical properties
and energy potential values. In optical properties, ab-
sorption was changed with depending on different pH
values. In alkali condition, the absorption intensity
showed the strongest value compared with other two
pH conditions such as neutral and acid. This is
related to the resonance effect of BDV induced by
the reaction with protons. HOMO, LUMO and band-
gap energy values were also investigated by absorp-
tion measurement, cyclicvoltammetry and computational
calculation.

Acknowledgement

This research was supported by a grant from the fun-
damental R&D program for core technology of materials

funded by the ministry of knowledge economy,
Republic of Korea.

References

1. M. Gonzalez, N. Martin, J. L. Segura, C. Seoane,
J. Garin, J. Orduna, R. Alcala, C. Sanchez, and
B. Villacampa, Second-order Nonlinear Optical Pro-
perties of Tetrathiafulvalene- -3-(dicyanomethπ y-
lidene)indan-1-one Chromophores, Tett. Lett., 40
(49), 8599(1999).

2. S. R. Marder, W. E. Torruellas, M. B. Desce, V.
Ricci, G. Stegeman, S. Gilmour, J. L. Bredas, J.
Li, G. U. Bublitz, and S. G. Boxer, Large Mole-
cular Third-Order Optical Nonlinearities in Pola-
rized Carotenoids, Science, 276(536), 1233(1997).

3. A. K. Y. Jen, Y. Cai, P. V. Bedworth and S. R.
Marder, Synthesis and Characterization of Highly
Efficient and Thermally Stable Diphenylamino-Sub-
stituted Thiophene Stillbene Chromophores for
Nonlinear Optical Applications, Adv. Mater., 9(2),
132(1997).

4. G. B. Ferreira, E. Hollauer, N. M. Comerlato and
J. L. Wardell, An Experimental and Theoretical
Study of The Electronic Spectra of Tetraethy-
lammonium [bis(1,3-dithiole-2-thione-4,5-di-
thiolato) M(III)] and Tetraethylammonium [bis
(1,3-dithiole-2-one-4,5-dithiolato) M(III)] (M = Sb
or Bi), Spectrochim. Acta Part A, 71(1), 215(2008).

5. C. N. Ramachadran, D. Roy, N. Sathyamurthy,
Host-Guest Interaction in Endohedral Fullerenes,
Chem. Physic. Lett., 461(1-3), 87(2008).

6. Y. S. Kim, S. H. Kim, T. K. Kim and Y. A.
Son, Characteristics of HOMO and LUMO Poten-
tials by Altering Substituents: Computational and
Electrochemical Determination, Textile Coloration
and Finishing, 20(5), 41(2008).

7. H. M. Song, Y. M. Park, Y. A. Son and C. S.



Electrochemical Study for 1,3-Bisdicyanovinylindane 93

Textile Coloration and Finishing(J. Korean Soc. Dye. and Finish.), Vol. 25, No. 2

Lee, Fabrication of Chemical Sensors for the
Detection of Acidic Gas Using 1,3-bisdicyano-
vinylindane, Korean Chem. Eng. Res., 46(1), 184
(2008).

8. Y. A. Son and S. H. Kim, New pH Indicator Based
on 1,3-Bisdicyanovinylindane, Dyes. Pigments., 64(2),
153(2005).

9. X. Li, S. H. Kim and Y. A. Son, Optical Pro-
perties of Donor- -(Acceptor)n Merocyanineπ Dyes
with Dicyanovinylindane as Acceptor Group and
Triphenylamine as Donor Unit, Dyes. Pigments.,
82(3), 293(2009).

10. H. S. Lee and J. H. Kim, Measurement of
Physical Properties of Conducting Polymers,
Polymer Sci. Technol., 18(5), 488(2007).

11. Y. S. Kim, J. I. Shin, S. Y. Park, K. Jun and Y.

A. Son, Electrochemical Studies on Heptamethine
Cyanine Dyes, Textile Coloration and Finishing,
21(5), 35(2009).

12. B. Delley, An All-Electron Numerical Method for
Solving The Local Density Functional for Poly-
atomic Molecules, J. Chem. Phys., 92(1), 508(1990).

13. B. Delley, From Molecules to Solids with the
DMol3 Approach, J. Chem. Phys., 113(18), 7756
(2000).

14. A. D. Boese and N. C. Handy, A New Para-
metrization of Exchange-Correlation Generalized
Gradient Approximation Functionals, J. Chem. Phys.,
114(13), 5497(2001).

15. S. Wang and S. H. Kim, New Solvatochromic
Merocyanine Dyes Based on Barbituric Acid and
Meldrum’s Acid, Dyes. Pigments., 80(3), 314(2009).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


